




1078–5884/00Intra-operative Doppler Flow Measurement do not Predict
‘At-risk’ Status of Infrainguinal Bypass Grafts
V.P. Jagadesham,1 S. Snowdon,2 M.J. Weston3 and P.J. Kent1*Departments of 1Vascular and Endovascular Surgery, St James’ University Hospital, Lincoln Wing, 2Medical
Physics, and 3Radiology, St James’ University Hospital, Beckett Street, Leeds LS9 7TF, UKAims. Patients undergoing infrainguinal arterial reconstruction using vein conduits, frequently undergo intra-operative
Doppler flow measurements to determine technical adequacy. The aim of this study was to determine the proportion of vein
grafts with normal intra-operative haemodynamic parameters that were subsequently discovered to be ‘at risk’ on post-
operative duplex surveillance scanning.
Methods. We prospectively collected data on 82, primary infrainguinal vein bypass grafts. Post papaverine graft flow and
peripheral resistance were measured using the Scimed Opdopw intra-operative Doppler machine. All grafts were determined
to be technically adequate on the basis of measured peripheral resistance units (mPRU) being %1. At 1 week, a post-
operative duplex surveillance scan was performed. At risk status was determined and compared to the intra-operative
Doppler flow measurement. Statistical analysis was performed using the Mann–Whitney U-test.
Results. The post-operative duplex scan demonstrated that 53 (65%) of the 82 vein bypass grafts were diagnosed as being
‘not at risk’; and 29 (35%) were regarded as at risk. When the groups were compared, there was no significant difference in
intra-operative haemodynamic parameters between those not at risk and those at risk (PZ0.19, Mann–Whitney U-test). The
1 month primary patency rate was 79% with a secondary patency rate of 100%.
Conclusion. Despite normal intra-operative Doppler flow measurements, 35% of vein grafts were regarded as being at risk
at the 1 week post-operative duplex surveillance scan. No single value may be universally applicable for identifying at risk
grafts intraoperatively. Indeed, graft failure appears to be a multifactorial process.Keywords: Doppler; ‘At-risk’; Infrainguinal; Grafts; Intraoperative.Introduction
Each year, it is estimated that, 500–1000 persons per
million of the population of Western Europe will
present with limb threatening ischaemia.1 Infraingu-
inal bypass surgery using autologous vein as a conduit
is the surgical method of choice for treatment of critical
limb ischaemia.1
As experience with infrainguinal revascularisation
has increased, and surgical techniques have improved,
several reports have suggested that intra-operative
assessment of bypass grafts is an important adjunct.2–
11 Surgeon preference and experience usually dictates
the type of intra-operative assessment used. Reported
experience indicates that the routine use of diagnostic
imaging (angiography, angioscopy)2,3 or ultrasound
scanning (continuous-wave Doppler flow measure-
ments, duplex ultrasound scanning)4–11 duringng author. Mr P.J. Kent, Consultant Vascular Surgeon,
of Vascular and Endovascular Surgery, St James’
ospital, Lincoln Wing, Leeds LS9 7TF, UK.
: patrick.kent@leedsth.nhs.uk
0597 + 07 $35.00/0 q 2005 Elsevier Ltd. All rights reserinfrainguinal bypass procedures can improve early
graft patency and provide cost-effective care by
minimizing the number of early post-operative graft
revisions. This contributes to a decreased patient
morbidity and in-patient stay.5,12
In our practice, patients undergoing infrainguinal
bypass surgery with vein conduits routinely undergo
intraoperative continuous-wave Doppler flow measure-
ments to determine technical adequacy, patency and
operative outcome. We noticed that many patients with
acceptable intra-operative haemodynamic parameters
had an at risk graft on early duplex follow-up. Therefore,
we examined the use of post-operative duplex scanning
to determine what proportion of patients with ‘normal’
intraoperative haemodynamic parameters have an at
risk graft on the post-operative surveillance scan.Materials and Methods
Prospectively, we collected data on 82 patients
undergoing primary, infrainguinal vein bypass.Eur J Vasc Endovasc Surg 30, 597–603 (2005)
doi:10.1016/j.ejvs.2005.04.048, available online at http://www.sciencedirect.com onved.
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the conduit, but contralateral saphenous, basilic and
cephalic arm vein were used when ipsilateral saphe-
nous vein was unavailable. All patients underwent
intraoperative Doppler flow measurements using the
Scimed Op-Dopw intra-operative machine. Graft flow
measurements were performed after graft injection
with papaverine hydrochloride (20 mg) to vasodilate
the run-off arterial bed and therefore prevent
inadequate run-off identified as a cause of graft failure.
Post-papaverine flow (Q), velocity (V), pressure (P)
and resistance (R) were measured. These values were
calculated and obtained by the Scimed Op-Dopw
intraoperative machine. A group reported that
following injection of papaverine, the intra-operative,
Doppler-derived peripheral resistance of successful
femorodistal bypass grafts was below one peripheral
resistance unit.13 Hence at our unit and in our study
grafts with measured peripheral resistance units
(mPRU) of less than or equal to one (%1, with one
PRU equaling 1 mmHg mlK1 minK1) are determined
to be technically adequate. The use of mPRU avoided
errors due to poor graft perfusion and the adminis-
tration of papaverine reduces errors due to variable
capillary tone.13 Grafts with mPRU greater than one
(O1) were to undergo on-table angiography with
subsequent revision if necessary.
One week after operation, grafts were assessed by
clinical evaluation, post-operative ankle brachial index
(ABI) measurements and colour duplex scanning. The
post-operative duplex surveillance scan was per-
formed using a Siemens Sonoline Elegraw machine
(7 MHz linear array probe). The entire bypass graft,
including anastomotic regions and adjacent inflo-
w/outflow arteries was imaged. Peak systolic velocity
(PSV) was recorded at the proximal and distal
anastomosis and at three to four sites along the graft
length (high-thigh, above knee, below knee and distal
graft), and in the inflow and outflow arteries. The
bypass grafts were primarily assessed using color
Doppler with the parameters set so that aliasing of
signal occurred at peak systolic flow. This method
allowed a rapid visual assessment of regions of the
graft that showed greater than expected velocities as
the aliasing effect became pronounced. Spectral
Doppler interrogation was confined to those areas
that showed this abnormal colour flow.
At risk (AR) status was defined as those criteria that
determined a 50% or more reduction in diameter
which equated to a 75% or more reduction in cross-
sectional area.14 Thus graft segments that demon-
strated a focal two-fold increase in the velocity ratio
(velocity ratio, PSV Vr, where VrZPSV atlesion/
PSVproximaltolesion) (VrR2.0) were regarded as atEur J Vasc Endovasc Surg Vol 30, 12 2005risk.14–16 Stenosis grading was primarily based on
the concept that a doubling of PSV equated to a 50% or
greater diameter stenosis. In addition low flow
states15,17 (PSV!45 cm/s), monophasic flow14 and
the identification of any focal lesion (AV fistulae,
retained valve cusps, vein conduit stenosis) placed
grafts at risk. Grafts that exhibited no flow were
determined to have thrombosed.
After interpretation of the post-operative duplex
scan and review by the vascular surgeon, intra-arterial
digital subtraction angiography (IADSA) was con-
sidered for at risk grafts. Following angiography, if the
grafts did not undergo immediate operative revision,
they were incorporated into a follow-up graft
surveillance program.
Those patients in whom grafts were regarded as not
at risk (NAR) were discharged and incorporated into a
graft surveillance program. Those patients in whom
grafts were at risk but had undergone operative repair
were also incorporated into the graft surveillance
program after discharge. Subsequent intervals of
surveillance depended on graft type, baseline haemo-
dynamics, the post-operative graft scan and the
relative risk of graft stenosis and thrombosis.
All patients regardless of their ‘risk status’ were
followed up at 1 year to assess the bypass graft and to
observe what interventions, if any, had been under-
taken since the initial operation.
Statistical analysis of the data was carried out using
the SPSSw (Version 12.0) computer package. The groups
were compared using the Mann–Whitney U-test, chi-
squared analysis, binary logistic regression and cross-
tabulation. The one sample Kolmogorov Smirnov test
was used to assess normality of the data. Statistical
significance was assumed for P values less then 0.05.Results
In our study, intra-operative Doppler flow measure-
ments were performed on 82 primary infrainguinal
vein bypass grafts. The series consisted of 53 men
(74%) and 19 women (26%) with a median age of 70.5
years (range, 45–88 years). The indications for
revascularisation included rest pain 60 (73%), tissue
loss 15 (18%), debilitating claudication 5 (6%) and
popliteal artery aneurysm 2 (3%). The characteristics
of the 82 vein bypass grafts are shown in Table 1.
Cardiovascular risk factors in the study group
included: Ischaemic heart disease (32%), hypertension
(68%), diabetes mellitus (17%), smoking history (57%),
and hyperlipidaemia (26%).
On intra-operative Doppler flow measurements, all
82 bypass grafts revealed mPRU%1. On-table
Table 1. Bypass characteristics of the primary autologous vein
infrainguinal revascularisations in the not at risk and at risk
groups
Bypass characteristic NAR AR
Femoral—above knee popliteal 26 8
Femoral—below knee popliteal 13 8
Femoral—anterior tibial 5 6
Femoral—tibial-peroneal trunk 5 1
Femoral—posterior tibial 2 3
Femoral—peroneal 1 3
Popliteal—dorsalis pedis 1 –
Fig. 1. Boxplots illustrating the distribution of intraoperative
measured peripheral resistance units between the at risk and
not at risk infrainguinal vein bypass grafts. No statistical
significance was observed in the distribution between the
two groups (PZ0.19, Mann–Whitney U-test).
Intra-operative Doppler Flow Measurement 599angiographies were not performed in this study, since
no grafts scored a mPRUO1. Intraoperatively, all
grafts were deemed to be technically adequate and
required no intraoperative reintervention. There were
no mortalities in the immediate post-operative period.
At the post-operative graft surveillance scan (with
the previously defined criteria for at risk grafts) 53 of
the bypass grafts were regarded as not at risk (NAR)
and 29 were regarded as at risk (AR). AR features
included stenosis with a focal Vr of R2.0 (nZ7), low
graft flow (nZ14), retained valve cusps (nZ5), AV
fistulae (nZ1) and occlusion (i.e. thrombosis, nZ2).
Measured PRU for the two grafts that were throm-
bosed on the post-operative duplex scan were 0.63 and
0.34. Both of the thrombosed grafts were infra-
geniculate bypasses (superficial femoral-peroneal
bypass and below-knee femoral-popliteal bypass
respectively). The superficial femoral-peroneal (SFA-
Peroneal) bypass was performed for tissue loss.
Of the 53 grafts regarded as NAR, the median
mPRU was 0.27 (range 0.11–1.00) with an inter-quartile
range of 0.2–0.45 (Table 2). Of the 29 grafts regarded as
AR, the median mPRU was 0.36 (range 0.14–0.87) with
an inter-quartile range of 0.23–0.41 (Fig. 1).
There was no significant statistical difference in the
mPRU between the NAR and AR groups (PZ0.19,
Mann–Whitney U-test).
The patients were divided into two groups, those
whose grafts were NAR and those whose grafts were
AR. Using binary logistic regression and adjusting for
each variable in the equation, we found no statistical
significant difference between the two groups with
regards to age, gender, smoking history, hypertension,Table 2. Statistical data regarding measured peripheral resistance
units for not at risk and at risk infrainguinal vein bypass grafts




Mean PRU (Gs.e.m.) 0.33G0.026 0.37G0.033
Measured PRU 95% CI 0.28–0.38 0.30–0.44
IQR, interquartile range; s.e.m., standard error of mean; PRU,
peripheral resistance units.ischaemic heart disease or hyperlipidaemia (Table 3).
However, the presence of diabetes mellitus between
the two groups was statistically significant (PZ0.035).
Table 4 provides a comparison between the NAR
and AR grafts with regards to their distal anastomosis.
In the NAR group 26% of the distal anastomoses were
distal to the popliteal artery in comparison to 44% in
the AR group. Nethertheless, no statistical significant
difference was observed between the groups (PZ0.16,
Pearson chi-squared analysis).
Binary logistic regression was used to identify the
most significant variables in predicting graft outcome.
Using the calculated odds ratio, it can be seen that the
presence of diabetes mellitus and the site of the distal
anastomosis seem to have an effect on graft outcome
(Table 3). Using cross-tabulation and taking into
account these two variables, we found some interest-
ing results (Table 5). Essentially, if the patient was not
diabetic, the relative risk (RR) of a graft being AR
increased the more distal the anastomosis was. Thus,
the RR in non-diabetics was 18% in above-knee
popliteal, 36% in below-knee popliteal and 43% for
anastomoses beyond the popliteal artery. However, if
the patient was diabetic, the RR of the graft being AR
was high regardless of the site of the distal anasto-
mosis (RR, 63.6%, odds ratio 5.38, 95% CI 1.13, 25.6).
Of the 29 AR grafts, 10 underwent immediate
operative repair following identification of AR
features on the colour duplex scan. The other 19 AR
grafts underwent diagnostic angiography. Following
angiography, seven of the AR bypass grafts necessi-
tated immediate operative repair. The remaining 12
grafts were deemed to be acceptable and did notEur J Vasc Endovasc Surg Vol 30, 12 2005
Table 3. Patient demographics including the site of distal anastomosis for the not at risk and at risk infrainguinal bypass grafts
Not at risk At risk P-value Odds ratio 95% C.I.
Number 53 29 N/A N/A N/A
Mean age 69.1 71.5 0.46 1.02 0.96, 1.08
Male gender 37 (79) 16 (72) 0.43 0.56 0.14, 2.32
IHD 16 (31) 7 (24) 0.40 0.59 0.18, 1.99
DM 4 (8) 7 (24) 0.035 5.38 1.13, 25.59
Smoking 26 (50) 15 (52) 0.85 1.10 0.39, 3.16
Hypertension 29 (56) 20 (69) 0.78 1.16 0.40, 3.36
Hyperlipidaemia 9 (17) 10 (34) 0.40 1.60 0.54, 4.78
mPRU%1 53 (65) 29 (35) 0.57 2.27 0.13, 38.53
AK popliteal 25 (48) 8 (28) 0.13 1 –
BK popliteal 14 (26) 8 (28) 0.94 1.05 0.29, 3.83
Distal 14 (26) 13 (44) 0.27 2.67 0.745, 9.52
All P values were determined by binary logistic regression adjusting for each variable in the equation Figures in brackets represent
percentages. IHD, ischaemic heart disease; DM, diabetes mellitus; mPRU, measured peripheral resistance units; AK, above Knee; BK, below
knee; Distal, equating to anastomoses distal to the popliteal artery.
V. P. Jagadesham et al.600warrant any immediate surgical intervention. Sub-
sequently these grafts were incorporated into a follow-
up duplex surveillance program. At 1-year follow-up,
four of these previously deemed acceptable AR grafts
underwent subsequent intervention following surveil-
lance duplex scanning. Intervention included vein
patch-plasty (nZ2) and balloon angioplasty (nZ2).
Duplex scanning following the procedures did not
reveal any further AR features.
A total of 17 bypass grafts underwent early
operative intervention following either the post-
operative duplex scan (nZ10) or angiography (nZ7).
Secondary operative interventions included vein
patch-plasty (nZ12), thrombectomy (nZ2), ligation
of AV fistula (nZ1), and interposition vein bypass
grafting (nZ2). Following operative repair these grafts
underwent an additional colour duplex scan, during
which no residual anatomic or haemodynamic
abnormalities were identified. These grafts were now
regarded as NAR and followed up in a routine graft
surveillance program. At 1 year 14 of these grafts were
found to be still NAR on duplex surveillance scanning.
Two grafts exhibited AR features (focal stenosis, VrR2.
0) on duplex surveillance scanning and following
IADSA underwent balloon angioplasty (nZ1) and a
re-do infrainguinal bypass to more distal vessel (nZ1).
Following these procedures a duplex scan did not
reveal any AR features. However, in one graft aTable 4. Outflow characteristics for the not at risk and at risk
infrainguinal vein bypass grafts
Not at risk At risk P value*
AK popliteal 25 (48) 8 (28) 0.16
BK popliteal 14 (26) 8 (28)
Distal 14 (26) 13 (44)
Distal, equating to anastomoses distal to the popliteal artery; AK,
above knee; BK, below knee. Figures in brackets represent
percentages in each group.
* P values determined by two-sided Pearson chi-square analysis.
Eur J Vasc Endovasc Surg Vol 30, 12 2005salvage procedure was not recommended due to
extensive tissue loss and non-healing. This patient
had undergone a primary SFA-peroneal bypass for
tissue loss and a post-operative thrombectomy for an
occluded bypass graft. Subsequently this patient
underwent a below-knee amputation 2 months after
the initial procedure.
At 1 year, 51 of the original 53 NAR grafts were still
found to be NAR on duplex surveillance scanning.
Two grafts were found to be AR and recommended for
IADSA. At IADSA the two grafts were found have
significant focal stenosis and underwent balloon
angioplasty (nZ2). Post-procedure duplex scanning
did not reveal any AR features.
In our study the 1 month primary patency rate was
79% (65 of 82 grafts), with an assisted primary patency
rate of 97.5% (80 of 82 grafts). The 1 month secondary
patency rate was 100%.Discussion
Perioperative graft failure accounts for a quarter of all
graft failures and is most commonly due to technical
error, poor quality venous conduit, or occasional graft
thrombosis caused by a hypercoaguable syndrome or
inadequate graft run-off.6,18 These errors may be
largely preventable with the use of intra-operative
graft assessment, such as Doppler flow measurements.
Doppler flow measurements have been used routinely
during all types of arterial reconstructive surgery.13
However, there is some controversy in the literature
regarding, firstly the use of Doppler flow measure-
ments and secondly the use of intra-operative
haemodynamic parameters in the prediction of graft
outcome.
Bandyk et al. first reported that the detection of
severe flow disturbances using intra-operative pulsed
Table 5. Cross-tabulation of the presence of diabetes mellitus and




Not diabetic AK popliteal 5 (17.9) 23 (82.1)
BK popliteal 8 (36.4) 14 (63.6)
Distal 9 (42.9) 12 (57.1)
Total 22 (31) 49 (69)
Diabetic AK popliteal 3 (60) 2 (40)
Distal 4 (66.7) 2 (33.3)
Total 7 (63.6) 4 (36.4)
AK, above knee; BK, below knee. Distal equating to anastomoses
distal to the popliteal artery.
Intra-operative Doppler Flow Measurement 601Doppler spectral analysis was associated with the
presence of anatomical defects on completion angio-
graphy.4 In addition Beard et al., reported that graft
peripheral resistance after the use of papaverine was
significantly lower in successful grafts (i.e. PRU!1).13
Indeed, the detection of high intra-operative resistance
indices has been of value in predicting early graft
failure and been associated with early lower extremity
thrombosis.6,8
Conversely, a study by Walfle et al., which was
undertaken to evaluate the influence of outflow
resistance on early graft patency, revealed similar
intraoperative resistance values in both patent grafts
and grafts that subsequently occluded.19 They con-
cluded that neither measured blood flow nor the
presently used methods to assess outflow resistance
are relevant prognostic factors for early graft patency.
Interestingly, another study has reported that despite
operative outflow resistance being significantly higher
in grafts that occluded, there was considerable overlap
between the groups.20
This paper set out to answer the unsolved dilemma
of whether a practical intra-operative monitoring
technique for infra-inguinal bypass grafts was reliable.
In our study, post-operative duplex scans demon-
strated NAR status in only 65% of bypass grafts
despite satisfactory Doppler flow measurements
(mPRU%1) in all the bypass grafts. Our analysis
demonstrated that there was no statistical difference in
the intra-operative mPRU between the AR and NAR
groups, similar to the finding by Walfle et al. Our
experience indicates that the use of continuous-wave
Doppler flow measurements during infrainguinal vein
bypass surgery may only have limited value in
detecting abnormalities in bypass grafts and in
predicting graft outcome.
In the early post-operative period, 35% of grafts
exhibited AR features despite normal intra-operative
Doppler flow measurements. This maybe explained by
studies that have suggested that early-appearing graftflow disturbances maybe secondary to rapidly pro-
gressive lesions.21–23 Ferris et al. showed that despite
normal completion angiography, early graft abnorm-
alities were common (26%) at the 6 week duplex
surveillance scan.21 These lesions were clinically
important as 52% necessitated revision. They con-
cluded that these early graft abnormalities were from
the development of rapidly progressive new lesions at
the site of minor defects which were not visualized at
angiography. This suggests that early graft failure may
not be caused by factors such as inadequate graft run-
off but rather by minor defects that progress in severity
as a result of platelet thrombus formation, vein wall
sclerosis or myointimal hyperplasia. Therefore, in our
study the presence of minor defects with vein grafts
may not have affected Doppler flow measurements
such that mPRUO1. However, with ‘rapid pro-
gression’ these minor defects subsequently placed
grafts AR at the post-operative duplex scan. Certainly,
this finding may account for the high number of early
AR grafts in our study despite normal Doppler flow
measurements.
The limitations of Doppler flow measurements in
detecting defects in vein grafts is illustrated by the fact
that six anatomical lesions were not detected at the
time of bypass but were subsequently observed at the
post-operative duplex scan. These certainly were not
‘minor defects’ and should have been detected at the
time of bypass. Many studies have suggested that
intra-operative colour duplex scanning is the ‘gold
standard’ and can provide anatomical assessment of
the graft and has shown to be sensitive in detecting
graft abnormalities.5,6,8–11 Colour duplex scanning can
provide haemodynamic information that maybe
highly predictive of graft outcome.9 Indeed, published
reports indicate that intra-operative assessment with
duplex is associated with higher intra-operative
reintervention rates and lower early graft failures
than when Doppler flow analysis is used alone or with
angiography.2,3,5,7 However, the disadvantages of
duplex ultrasonography include the expense, avail-
ability of the duplex scanner, increase in operative
time and the necessary skills and experience to
correctly perform and interpret the duplex study.
Also a report has claimed that intraoperative duplex
scanning was predictive of graft patency only in the
early post-operative period.5
We found that Doppler flow measurements are a
cheap and readily available resource and little
additional skill is required to perform and interpret
the study and certainly operative time was not
prolonged in our study. Nethertheless, there was a
high proportion of early intervention (21%) to improve
identified defects. This is ten-fold compared to a study,Eur J Vasc Endovasc Surg Vol 30, 12 2005
V. P. Jagadesham et al.602where a 30-day post-operative revision rate of 2.2%
has been reported when using intraoperative duplex
scanning.5 The intra-operative revision rate with
duplex scanning in this study was 16% and therefore
an overall revision rate of 18.2% for all bypass grafts.5
This overall revision rate is very close to the 21% 1
month revision rate attained in our study. This
suggests that duplex scanning does not seem to afford
any additional advantage other than identifying the
lesions at the initial operation and predicting technical
adequacy all at the expense of increased operative
time. However, the early identification of lesions will
improve patient morbidity and decrease the need for
early intervention. Nethertheless the simplicity and
availability of Doppler studies still make it a practical
intra-operative tool despite its limited value.
It is likely that successful and haemodynamically
normal vein grafts have widely variable flow charac-
teristics.24 This wide variability suggests that no single
value can be universally applicable for the intra-
operative identification of at risk grafts. Indeed, graft
failure is a multifactorial process in which the nature
and quality of the graft material, location of the distal
anastomosis, run-off arteries and a number of other
‘risk factors’ are likely to play a role in the outcome of
vein bypass grafts.21–23,25,26 In our analysis we
identified two factors that seemed to be associated
with graft failure. These included the presence of
diabetes mellitus (PZ0.035) and where the distal
anastomosis was located. The latter is a well, known
risk factor with anastomosis below the popliteal artery
being invariably to smaller target vessels, thus
increasing the risk of graft compromise (RR, 0.43).
The results illustrated that the relative risk of graft
compromise in diabetics was high regardless of the
site of the distal anastomosis (RR, 0.64). Indeed, the
presence of diabetes mellitus is a well known risk
factor associated with peripheral vascular disease.27
Certainly, the presence of diabetes mellitus between
the two groups (AR 24% vs. NAR 8%) may have
accounted for the difference in overall outcome, as
suggested by the analysis of the results. Interestingly,
Strandness et al., reported that two thirds of the
patients with diabetes had infra-popliteal disease.27
The difficulties posed by this distribution may be
further complicated by a reduced ability to develop a
collateral supply. Nethertheless this simple analysis of
the results illustrates that flow characteristics, or
indeed intra-operative assessment by any form cannot
be the only variable relevant for predicting graft
failure.
It seems that the most important goal of infra-
inguinal bypass surgery is to finish with a ‘haemody-
namically’ normal arterial reconstruction which is notEur J Vasc Endovasc Surg Vol 30, 12 2005at risk of failing. Therefore, new techniques of data
analysis incorporating intra-operative haemodynamic
measurements and the additional inter-related vari-
ables may be beneficial in predicting AR status in vein
bypass grafts.
The authors appreciate that the findings in this
study maybe underpowered because of the sample
size. Certainly in some comparisons there was no
statistical difference, but the factual numerical differ-
ence could have been a contributor to the differences in
the overall results. However, the authors feel that the
findings and assumptions made in this paper are
important and valid. We reiterate that graft compro-
mise is a multifactorial process and no single
discriminant value such as a Doppler mPRU%1 can
aid in this prediction.Conclusion
Our study suggests that the use of intraoperative
continuous wave Doppler flow measurements in
infrainguinal bypass surgery is only of limited value
in detecting haemodynamic abnormalities which may
place bypass grafts at risk when compared to early
post-operative duplex scanning. Nethertheless, Dop-
pler flow measurements are a simple and readily
available resource and continue to be used routinely
during arterial reconstructive surgery.
However, at risk prediction will require not only
intra-operative assessment with Doppler flow
measurements but also needs to take into account
the other inter-related factors associated with vascular
disease and infrainguinal bypass grafts. Indeed, if
graft failure is a multifactorial process we may have to
take these into account when predicting whether or
not a graft is at risk.Acknowledgements
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